Iceland has played a special role in the history of visna, since the disease was initially recognized in Iceland and is named after the Icelandic word for wasting, which describes one of the presenting signs of the disease. The same virus also causes a chronic interstitial pneumonia known as maedi in Iceland and as progressive pneumonia in the United States.
Originally, visna virus was inadvertently introduced into the Icelandic sheep population, which was apparently free of the infection, as a consequence of the importation of 20 Karakul rams from Germany in 1933. The infection spread through the northern and western regions of Iceland and was recognized as an epizootic in the early 1940s. Bjorn Sigurdsson, an Icelandic physician, showed that the disease was due to a transmissable agent, and he and his collaborators isolated the virus by growing syncytia with release of only low titers of cell-free virus. Furthermore, we have used viral strains that have been selected for their ability to cause severe CNS disease. The second important variable is the high susceptibility of Icelandic sheep. Compared with certain English breeds found in the United States, these animals are more prone to clinical disease and are more permissive hosts for visna virus [11, 14] .
Viral Replication and Immune Response in Icelandic Sheep

Viral replication. Following intracerebral inoculation of a large dose (106 TCIDso) of visna virus in
Icelandic sheep, some animals were tested repeatedly for virus in blood and spinal fluid, while others were killed at intervals and many tissues examined for virus. Salient observations were as follows.
(I) Viremia appeared at two to four weeks and persisted throughout the lifelong infection [8] . Virus was isolated from buffy coat, but never from plasma, even before the appearance of neutralizing antibody in the serum. Such isolations required co-cultivation of leukocytes with permissive SCP cells, and cultures often yielded virus after only two to four weeks of incubation. Maximal frequency of isolations required the use of 106 leukocytes because fewer isolations were made when 105 or 104 leukocytes were tested. Although most sheep were viremic, only 10%-80% of serial specimens from individual sheep were positive. These observations suggest that virus was carried as a latent provirus in a small number of leukocytes. Consistent with this finding, extensive immunofluorescent or electron microscopic examination failed to identify individual virogenic cells. Testing of fractionated cells suggested that mononuclear cells, probably both lymphocytes and monocytes, can carry the genome [8, 9, 24].
(2) Visna virus can be isolated from the other tissues [8] , mainly from lymphoid organs, CNS, and lung, throughout the life of the infected sheep. Titration of tissue homogenates indicated that only minimal amounts of cell-free infectious virus were produced, and many specimens required explantation and co-cultivation for isolation of virus [8, 11, 14] .
(3) The CSF yielded low titers of cell-free virus, but only for the first three months after infection. After the appearance of neutralizing antibody in the CSF, virus was no longer isolated [19] .
Immune response. Visna virus is immunogenic, and infected Icelandic sheep consistently develop an immune response. Serum neutralizing antibody appeared two to three months after infection [8] . Immunodiffusion tests showed that all infected Icelandic sheep generate serum antibody against the viral glycoprotein (neutralizing antigen) and that approximately one-half also made detectable antibody against the major core antigen, p30 [16] . The CSF neutralizing antibody appeared after serum antibody in approximately one-half of the infected sheep [19] . Since the blood-brain barrier remained intact, this antibody represented intrathecal synthesis by B lymphocytes that migrated into the CNS. Plasma cells were seen regularly in the inflammatory lesions in brain and spinal cord [13] . Measurement of the total amount of immunoglobulin in CSF indicated that the level of IgM was elevated in many sheep, but IgG1 levels were not [19] . For *50% of the animals, electrophoresis of spinal fluid in longterm infected sheep showed oligoclonal immunoglobulin bands [21] .
Cell .*LY~I i--ITr. Inflammatory lesions evolve during the first two to four weeks after infection and seem to stabilize after three months. The evolution of the blasttransformation response [23] , which peaks between three to six weeks, is congruent with this tempo; whereas the antibody response in serum and CSF is somewhat slower, reaching a peak at three to six months after infection. Suppression of the immune response [18] markedly reduced the early inflammatory lesions without reducing virus isolations from the CNS (table 1) [31] . However, asymptomatic visna-infected sheep failed to raise serum antibodies against either of these myelin antigens up to nine months after infection [31] . Finally, the ability of visna-maedi virus to induce progressive pneumonia, the pulmonary counterpart of subacute encephalitis, is most readily explained by an antiviral immune mechanism.
The focal demyelinating (or late) lesions of visna, which resemble the plaques of multiple sclerosis, are still poorly understood. We do not know if these are more severe manifestations of the same pathologic process responsible for subacute encephalitis. Also, the trigger that initiates the irregular occurrence of demyelination at long intervals after infection remains obscure. Demyelination could be mediated as a bystander effect, secondary to a delayed-type hypersensitivity response. 
Antigenic Variation During Long-Term Infection of Icelandic Sheep
Gudnad6ttir [6] first reported that a viral isolate from a long-term infected Icelandic sheep could escape neutralization by the animal's own sera, even though the same sera neutralized the infecting strain. Narayan and colleagues [32] [33] [34] further studied this phenomenon in Hampshire and Border Leicester sheep. They found that when isolates from the sheep's sera were tested against the animal's own sera (autologous neutralization), variants were isolated from two of seven animals. It was [33] , and some of the salient observations will be summarized.
A group of 20 Icelandic sheep were infected with strain 1514 and observed for more than seven years, during which 209 isolates were obtained from blood, CSF, and CNS. A stratified sample consisting of 76 of these isolates was selected to represent differing intervals after infection. These isolates were tested by neutralization against three reference sera, and the results are set forth in table 3. Among This phenomenon is a manifestation of the plasticity of the genomes of RNA viruses [39] . Persistent infection in the sheep must select somewhat for these variants, since they were found at a frequency >10%, which is much higher than their frequency in the initial inoculum (presumably <1 per 1,000 virions, since reference antisera readily neutralize 1,000 TCIDso of the 1514 strain).
In the long-term infected sheep, variants persist together with the parental virus and do not gradually replace the parental serotype. If variants were responsible for continued spread of infection, they should increase in relative frequency, but this increase was not seen. Therefore, antigenic variation does not appear to be essential for virus persistence. Isolates from the CNS of animals with clinical visna are usually not variants, i.e., are neutralizable by autologous antisera. Within the limits of these observations, there is no evidence that variants are involved in the occurrence of focal demyelinating lesions.
Persistent Infections and Slow Viruses
Sigurdsson [2] originally defined a slow infection as having a long incubation period, attacking a single organ system, and being inevitably fatal. These views should be modified in light of 30 years of research. We prefer to distinguish between the infectious process and consequent disease. Infections persist by utilizing a variety of strategies to evade the defense mechanisms of the host. A persistent infection may be subclinical or may initiate disease weeks, months, or years later. The disease process is usually chronic but may or may not be fatal and may or may not be limited to a single organ. Thus, Sigurdsson's early views must be expanded to include a number of different patterns of persistent infection and chronic disease.
